Since the end of the 19 th century the Calabria region in southern Italy has been known for an abundance of grooved stone axes and hammers used during late prehistory. These artefacts are characterized by a wide and often pronounced groove in the middle of the implement, thought to have aided securing the head to a wooden haft. Their widespread presence is known both in prehistoric archaeological literature and in the archaeological collections of various regional and extra-regional museums. At first, scholars did not relate these tools to the rich Calabrian ore deposits and to possible ancient mining activities; they were regarded simply as a variant of ground lithic industry of Neolithic tradition. However, between 1997 and 2012, about 50 tools were discovered in the prehistoric mine of Grotta della Monaca in northern Calabria where there are outcrops of copper and iron ore. This allowed us to recognize their specific mining value and to consider them as a sort of "guide fossil" for the identification of ancient mining districts. This paper presents the results of a study involving over 150 tools from the entire region, effectively demonstrating an almost perfect co-occurrence of grooved axes and hammers with areas rich in mineral resources, especially metalliferous ores.
Introduction
In Calabria, the southernmost region of the Italian peninsula, research and systematically collecting of ground stone tools -particularly stone hatchets -began at the end of the nineteenth century, when scholars and other enthusiasts of local history started to show interest in the antiquities of the region. Previously, mountain people, farmers, and shepherds were interested in these items, which they believed magical, interpreting them as the effect of the impact of lightning on the ground. For this reason, these objects were called "thunderstones" and for many centuries were linked to apotropaic or even therapeutic powers. To some, however, their properties possessed a negative power, and when these stones were accidentally found in the fields people preferred not to touch them (Lovisato 1878a) .
The recognition that these artefacts were made by prehistoric people was universally accepted in the late nineteenth century. In the first publications, characterized by a medley of geological and palaeoethnological aspects, collections of tools found in different districts of the region are discussed. In addition to the abundant hatchets of various shapes and size, hammers or hammer-axes (characterized by the presence of a visible groove on the lithic body) began to appear, sporadically at first, then more and more frequently.
Hammer-axes are characterized by the presence of an evident groove near the midpoint between a sharpened axe blade end, and the flat hammer-shaped end. Hammers instead are so defined because they have two flattened ends.
Lovisato understood that the groove represented a means by which to haft the implement, and using ethnographic comparisons proposed a graphic reconstruction of the tools appearance when hafted on its wooden handle (Lovisato 1878b) ( Figure 1A ). Later, grooved tools attracted the attention of many other scholars, including Topa, who created a typology of so-called "grooved stone hammers" in a work on the "primitive cultures" of Calabria (Topa 1927) ( Figure 1B ). Collections built up over many years, thanks to the passionate research of a multitude of scholars, and were later acquired by different Calabrian, Italian, and often foreign museums, with the result that today these objects are dispersed widely and are often found in a very fragmented condition. The widespread presence of these objects in Calabria does not seem accidental. They were designed as heavy percussion tools and required the use of particularly durable rocks to fulfil their purpose. The Calabrian territory, thanks to its geological features, includes extensive outcrops of durable rocks. The boundaries of the region fall almost entirely in the Calabria-Peloritani Arch (CPA), a large portion of alpine origin crust, with its characteristic arched shape interposed between the Maghrebides and the southern Apennines (Amodio-Morelli et al. 1976) .
Structurally, the CPA is characterized by the coexistence of different crystallinemetamorphic Palaeozoic and Cretaceous units derived from deformation and metamorphosis of both continental and oceanic crust. This is the reason for the exceptional variety of durable rocks (both igneous and metamorphic) throughout the region, except for its northernmost portion, where the carbonatic mountains of the southern Apennines are found. The complex geological history of the region determined a marked lithological variability, as well as the presence of rich and diversified mineral deposits. Using the available information (Bonardi et al. 1982; Guarascio 1982; De Vivo et al. 1984) we are able to approximately locate a series of polymetallic and copper prevalent deposits. In summary, deposits are grouped into five areas: one in the northwest of the province of Cosenza; the second in the northern part of the Sila massif; the third in the centre of the region, north of the Catanzaro isthmus; the fourth is located in the southeast in the Calabrian Serre area; the last one in the far south of the region, in the coastal strip west of Aspromonte, near Reggio Calabria.
Tools
We do not exactly know how many stone tools have been found so far in Calabria. By combining specimens kept in museums (within and outside Calabria), held in private collections, cited by palaeoethnological literature, and those discovered by archaeological research missions still operating in the area, we calculate that there are approximately 250. For the sake of brevity, we consider only three specific groups of grooved tools: 1) a collection at the Museo Archeologico Provinciale in Catanzaro; 2) a collection held at the Museo Nazionale Preistorico Etnografico "Luigi Pigorini" in Rome; and 3) the set of artefacts unearthed in the site of Grotta della Monaca in Sant'Agata di Esaro (Cosenza).
Eight grooved tools belonging to the so-called "Foderaro Collection" are held at the Museo Archeologico Provinciale in Catanzaro. Giuseppe Foderaro, Vice Director of the Museum of Catanzaro in the late nineteenth century, collected a considerable number of prehistoric lithic objects from Calabria (over 500 finds) during his career as an engineer building bridges and roads, which he donated to the museum. The eight grooved tools discussed here belong to the typological category of hammer-axes. The provenience is known for only six tools (Palermiti, Zagarise, Nocera Terinese and Cortale, all towns in the province of Catanzaro), although remaining two certainly originate in the same province. Two artefacts derive from Palermiti and Nocera Terinese, whereas Zagarise and Cortale had only one each (Figure 2 ). They are all intact and their weights vary from a maximum of 1790 g to a minimum of 335 g. In six specimens, grooves are present on three sides of the tool (on the two flat faces and one short side), while in two cases the groove goes all around the tool. The lithologies of these tools have not been precisely determined by petrographic analysis, but macroscopic observation indicates all seem to be igneous or metamorphic (Table 1) . In most cases, the geological substrate of the areas in which these tools come from consists of metamorphic rocks, but extensive outcrops of igneous rocks are also available. In the Palermiti territory granites and granodiorites abound, as well as prealpine high-grade metamorphic rocks (i.e., granulites, gneiss, anphibolites), the last are common also in Zagarise and Cortale surroundings; in the Nocera Terinese territory low-grade metamorphic rocks (i.e., phyllites, porphyroids, marbles and greenschists) abound, but limited ophiolitic and green stone intrusions (i.e., serpentines, serpentine schists, chlorite schists) are also present. Given the broad availability of these raw materials, a local provenience of lithic resources is highly plausible, presumably in the form of pebbles from riverbanks. Table 1 . ID and quantitative data of the eight grooved tools kept in the Museo Archeologico Provinciale in Catanzaro. Abbreviations: L -length (cm); MT -maximum thickness (cm); AWd -average width (cm); ADaverage depth (cm); Wt -weight (grams). The grooved artefacts preserved in Rome at the Museo Nazionale Preistorico ed Etnografico "Luigi Pigorini" also come from nineteenth century collections (Salerno & Pessina 2004 ). These include twenty-three instruments collected from various locations in central and southern Calabria. From north to south, these originate in Longobucco, Spezzano della Sila, Cicala, Gimigliano, Roccaforte del Greco and Bova ( Figure 3 ). In this collection hammer-axes are again the most frequent tool type; however, there are also some examples of hammers. The majority of the artefacts are intact: only a few of them are fragmentary or incomplete due to the detachment of chips. This is hardly surprising if we consider that the phenomenon of (19 th -early 20 th century) collecting tended to select objects on the basis of integrity and aesthetic value. We also have to keep in mind that often collectors acquired these tools from farmers and shepherds, who picked them because they were intrigued by the particular morphology of this type of object; it would have been easier to identify these distinctive objects if they were intact rather than fragmented. As the dimensions of grooved tools kept in Museo Pigorini are highly variable, their weight also varies from a maximum of 3158 g (a huge hammer-axe from Cicala) to a minimum of 151 g (a tiny hatchet from unknown location in the province of Reggio Calabria) ( Table 2) .
ID
Eighteen out of a total of twenty-three instruments have a groove on only three sides of the lithic body, three specimens show a continuous groove on all four faces, and in only one case the groove is located on two sides of the tool (a globular percussor). In another caseunique in the Roman collection -there are two grooves on the same tool, one of which is set on three faces of the instrument, the other one on all its sides. Unlike grooved tools kept in the Museum of Catanzaro, we were able to conduct accurate petrographic analyses by taking microcore samples from these tools. The spectrum of stone materials emerging from these analyses is quite wide. All of the artefacts are made of igneous or metamorphic rocks. Eleven igneous specimens include six gabbros, two porphyry, two dacites, and one diorite. The remaining twelve artefacts are made of metamorphic rock: three gneiss, three schists, three actinolites, one metagabbro, one metarenite, and one amphibolite. All of the recognized rock types are available in the vicinity of the find locations of the tools and again, based on their morphological features, it is conceivable that they were collected as pebbles along the banks of the many streams that flow through the region.
So far, the grooved artefacts unearthed in the underground site of Grotta della Monaca are the only ones to have been precisely located. Grotta della Monaca is a karst cave over half a kilometre deep, rich in iron and copper mineralization. It opens at 600 meters above sea level in the upper River Esaro Valley, not far from the town of Sant'Agata di Esaro (province of Cosenza). In the cave twenty-two intact or almost intact grooved stone tools have been recovered, as well as a large number of chips and fragments varying in size, which imply at least another thirty similar artefacts. Specifically, twenty-nine flakes and twenty fragments of tools were found. Five of the latter have a longitudinal fracture; three specimens show a longitudinal and transverse fracture, and the remaining are large fragments detached from the tools in an irregular fashion. In several cases it was possible to refit the fragments and flakes to the broken instruments, allowing us to demonstrate that the artefacts were damaged inside the cavity and often to identify the exact point where the tools were used. The fracture types depend on the mechanical properties of the different rocks: in the case of rocks with isotropic structure, the artefacts tend to lose small flakes from the functional edge; in the case of rocks with schistose structure, longitudinal fractures (or in any case along the stratification planes) are frequent. In any case all the breaks are due to heavy impact. The reason for the abundance of grooved tools at this site certainly has to be linked to the rich ore deposits inside the cavern (Larocca 2005; 2010) . In several cases fragments and flakes have been found in secure stratigraphic positions and the mining deposits they were found within have been radiocarbon dated. Mining activities in Grotta della Monaca are placed in a chronological horizon between the late fifth and early fourth millennium B.C. The implements found in Grotta della Monaca fall into three basic typological categories: hammer-axes, hammers and pickaxes (Figure 4) . We have already defined the first two types in discussion of the finds kept in the Museums of Rome and Catanzaro. The pickaxes are a peculiarity of Grotta della Monaca: they have a sub- pyramidal or sub-conical pointed end and may have notches, instead of a groove (or grooves), for anchoring the wooden handle. Statistically, the most numerous artefacts are hammers (18 specimens), followed by the hammer-axes (6 copies) and pickaxes (5 specimens). The typological variability (hammer-axes, hammers and pickaxes) certainly reflects a different function of the various instruments. The size of the tools is as variable as their weight: the latter ranges from 3115 g for the biggest specimen to 617 g for the smallest one (Table 3) . The large size variability of these artefacts also indicates that they may have been put to different purposes. The dimensions are related both to the specific activity (e.g., excavation in the ground, indirect percussion on chisels or wedges, direct disintegration of the wall rock, roughing of extracted ore, etc.) and to the features of the extractive front, particularly to the shape and size of different passages and chambers, which affected freedom of movement. The petrographic analyses have shown that almost the entire sample (forty-two out of forty-six specimens) is made of metamorphic rocks and, among these, mainly of rocks with an isotropic fabric belonging both to deep crust high-grade metamorphic units (metagabbro, metabasite, granulite), and to ophiolitic ones (glaucophanite); there are twentythree samples having such a feature. Among the other specimens, six of them have a cataclastic structure; in eight cases a preferred orientation structure (gneiss type) was observed; in seven cases a weakly schistose structure and in one case a markedly schistose structure (Acquafredda & Piccarreta in press). Although low quality materials (such as schists, which show poor resistance to compression and tend to fracture according to the bedding planes) are also attested, all the more refined and elaborated instruments are made from raw materials with excellent mechanical properties. These raw materials occur along the banks of the Esaro River, a few kilometres south of the site, where it intercepts extensive outcrops of crystalline metamorphic rocks of the lower crust, but also ophiolitic formations. In this area the river carries a broad variety of rock types, which can be found in the form of more or less rounded pebbles of wide size variability. Such a selection suggests a good knowledge of the mechanical features of the different rock types by miners working in this area during prehistory.
Results
Our study confirms that grooved stone tools are exceptionally popular throughout the region. From north to south the whole of Calabria shows -through the museum's collections, the paleo-ethnological literature and the recent discoveries -a marked presence of this type of object, generally attributable to late prehistory (from the late Neolithic to the early age of metals). Their presence is even more surprising when compared with neighbouring regions where the tools are rare to non-existent. The exceptional discoveries in the site of Grotta della Monaca, in the northern part of Calabria, offer an unexpected key to understand the main function of these tools.
At this site they are unequivocally linked to mining activities carried out for the procurement of precious subterranean minerals. Most of the instruments are scattered around underground areas where copper carbonates outcrop (malachite and azurite) and this may indicate their specific use for the exploitation of this resource, although we do not exclude a parallel use of the same tools for the acquisition of iron ore, especially hydroxides such as goethite, also very common in the cave (Figure 5 A-D) .
We have to consider that the exploitation of these minerals is not related to metallurgical purposes. In fact, the amount of pure metal potentially obtainable from their fusion is minimal and uneconomic. More likely, they may have been used as pigments but other domestic uses cannot be excluded (e.g., raw hide processing, realization of adhesive substances, pharmacology). The case of Grotta della Monaca, located in an area with a strong and well-documented mining history over the last thousand years, provides us with fresh insight in regards to the many finds of grooved tools within 10 km from this site. Especially, it has shown a correlation between confirmed presence of mineralization, mainly metallic ores, and the occurrence of this type of artefact. This happens, for example, in San Donato di Ninea and Acquaformosa, a few kilometres northeast from Grotta della Monaca, where there are reported deposits of gold, silver, iron, copper and cinnabar. In the countryside of these two locations, grooved hammer-axes have been frequently found, unfortunately not by archaeologists and scholars, who could have properly investigated the context, but by locals who collected these items just for their singular shape. Their later recollections concerning the find locations of these items are often vague. Similar patterns occur elsewhere, such as in Longobucco, in the northern foothills of the Sila. Silver-rich galena mines are known to date back to the 12 th century CE and once again in this territory grooved tools have been found, currently kept at the Museo Nazionale Preistorico Etnografico "Luigi Pigorini" in Rome.
The direct correlation between grooved tools and prehistoric mining activity is not always and unequivocally valid: indeed, these instruments can also be used for many other purposes and often they are defined as multi-purpose tools, adaptable to different uses. However, the overall picture leads us to the conclude that the overlap witnessed between the regions in which ore deposits are known and the distribution of pre-protohistoric grooved lithic tools, is not accidental. Additionally, apart from Grotta della Monaca, the absence so far of direct and clear evidence of prehistoric mining (mines, quarries, trenches, etc.), does not prove that it did not exist. This is even more likely in those areas that have been mined extensively in the last few centuries, with relatively recent extractions that, almost always, destroy traces of earlier extractions.
By comparing geo-mineralogical and historical mining activities and the geographical spread of grooved stone tools, and removing cases where the tools likely indicate different activities, three specific district of Calabria have been identified as areas likely to produce evidence of prehistoric mining in the future (Larocca & Breglia 2012) . We recognize, from north to south, a northwestern district, a district in the central-eastern part of the region, and finally, a southeastern district ( Figure 6A ). The first district is currently the most important one because of the proven presence of prehistoric mines (Grotta della Monaca and another minor site, Grotta del Tesauro, not far from the first cavity) (Larocca & Breglia 2014) . The other two districts -far larger than the previous -are those in which the presence of mines or prehistoric mining activities is highly likely, although so far their exact location is still unknown. In the latter two cases these minerals occur as very visible, surface outcrops, which may help to explain the concentration of grooved tools in these areas ( Figure 6B ). 
Conclusions
The identification of ancient mining activities is almost always rather difficult due to several reasons: natural alteration of the original contexts, disturbance caused by human activities, impact of subsequent mining activities, etc. Nevertheless, available data on grooved stone tools found within areas where high concentrations of these objects have been found can be used to try to identify prehistoric mining structures or contexts. Grotta della Monaca provides interesting insight into the nature of prehistoric mining: karst caves located in areas rich in ores can be a particularly convenient gateway to easily accessed underground resources. Moreover karst cavities, especially when developing in carbonate rocks, are usually structurally more stable and durable than many artificial mines within other geological terrains, which are often prone to surface disintegration and collapse. Although the mining of natural caves represents an extraordinary and infrequent case, we propose that all natural caves with ore deposits be searched for these tools. This approach has been successfully applied in the case of Grotta del Tesauro, in the territory of Sant'Agata di Esaro (Cosenza): in this cave, rich in iron mineralization, the archaeological excavations led to the discovery of grooved tools associated with pottery from the early Copper Age (first half of the fourth millennium BCE). Although there is no evidence of prehistoric mining activities, the association of these types of tools with underground sites is significant.
It is important, therefore, to carry out targeted surveys in all areas where grooved tools are frequently displayed in museums and other collections. From this point of view, the most interesting case is currently represented by the territory of Roccaforte del Greco, in the extreme south of the region (district 3 of Figure 6 :A). In this area, which completely lacks the karst phenomena typical of northern Calabria, several grooved tools were found. About ten kilometres west of Roccaforte del Greco, significant copper ore deposits are well-known, exploited until a few centuries ago (locality Trunca, town of Montebello Ionico). Based on our current state of knowledge, we do not know if we can correlate the abundance of grooved artefacts from Roccaforte del Greco with the ore deposits of Trunca, but their simultaneous presence is promising. We are at the early stages of an investigation that promises to be interesting and challenging: thorough investigation of the identified regional districts, through surveys and observations in the field, we will soon fully confirm or challenge our research hypotheses.
